Geo-climatic and socio-economic conditions provide a favourable environment for parasitic population of livestock in Pakistan. Hard ticks (Ixodidae) and gastrointestinal nematodes pose most serious threats to livestock industry. Stackholders rely on synthetic drugs to control these parasites. Emergence of drug resistance in these parasites; however, has provoked interest in alternate of synthetic drugs. Testing of plants used in ethnoveterinary medicine for their antiparasitic activity employing standard procedures has been reported to be promising. Plants have been most frequently used for deworming purposes followed by as acaricides and insecticides; whereas, reports as to their antiprotozoal use are relatively less. Use of plants as antiparasitics is more frequent in developing countries having low accessability to the modern parasite control practices. Likewise, validation studies on the use of plants as antiparasitics have been more frequently carried out in the developing countries compared with those having livestock farming as commercial enterprise. This article presents an overview of the plants having acaricidal and anthelmintic activity, limitations as to the application of phytotherpay to control parasites and future prospects of the use of plants as antiparasitics.
Introduction
Livestock play a crucial role in human food supplies and economy of Pakistan (Anonymous, 2014 (Anonymous, -2015 . Parasitism is one of the most important constraints in optimum productivity of animals (Solcan et al., 2015) . Production losses due to parasitism may vary from one parasite to the other. In tick infestation, for example, losses may be due to loss of blood (Gabr, 2012) , tick paralysis (Chand et al., 2016) , transmission of different diseases (Duvallet and Boireau, 2015; Kmieciak et al., 2016) , treatment costs (Gomes et al., 2016) , etc. Likewise, gastrointestinal nematodes (GINs) may interfere with food intake and absorption adversely affecting animal productivity (Geurden et al., 2015; Ravinet et al., 2016) .
Globally, tick infectations are recognized as most devastating ectoparasites (Godfrey and Randolph, 2011; Opara et al., 2016; Demessie and Derso, 2015) resulting in huge economic losses (Zheng et al., 2012; Asmaa et al.,2014; Chen et al., 2014) . Likewise, tick associated concerns as to their increasing prevalence, lowered animal productivity; their zoonotic potential and control have been considered as an important area for future research (Ashfaq et al., 2015; Jabbar et al., 2015; Zahid et al., 2016) . Helminth infections are also ranked high among the factors leading to low production in animals throughout the world with varying prevalence depending on the climatic conditions, awareness of farmers on the recommended parasite control practices and accessibility to the animal health care (Khan et al., 2010b; Tasawar et al., 2010; Qamar et al., 2011; Borji et al., 2012; Katoch et al., 2012; Roeber et al., 2013; Singh et al., 2014; Bansal et al., 2015; Dalal et al., 2015; Lashari et al., 2015; Scala et al., 2015; Voigt et al., 2016) .
Control of Parasitism
In general, control of ticks and GINs predominantly depends upon chemotherapy, even after the advancements in genetically, immunological and biotechnological methods (Sorge et al., 2015; McTier et al., 2016; Verma and Singh, 2016) . Globally; however, use of synthetic drugs for animal health and production is facing challenges due to a variety of factors, e.g., because of their high costs (Mondal et al., 2013) , general toxicity (Patel et al., 2013) , drug residual problems in milk and meat (Elmanama and Albayoumi, 2016; Tochi et al., 2016) and development of drug resistance in ticks (Abbas et al., 2014; Coles and Dryden, 2014; Heath and Levot, 2015; Kumar and Partap, 2015; Muyobela et al., 2015; Vudriko et al., 2016) and GIN (Playford et al., 2014; Alonso-Diaz et al., 2008; Borges et al., 2015; Geurden et al., 2015; Muniz-Lagunes et al., 2015; Ramos et al., 2016) . In addition, quality of antiparasitic drugs, particularly in developing countries, has led to attention of the stakeholders to find alternatives, may be as a part of drug resistance management programs (Zaman et al., 2012a,b; Sindhu et al., 2014; Ghosh et al., 2015a; Kumar et al., 2016) . Prospects of using plants as alternates to synthetic antiparasitic drugs have been discussed in the following paragraphs.
Plants as Anti-parasitics
Plants and/or their products have been used for treatment of different diseases for centuries. There is an extended relationship among the coexistence of herbal remedies, parasites and humans (Matsabisa et al., 2013) . It is as old as history of man itself. The plant kingdom is a vast storehouse of chemical substances manufactured and used by plants as defenses against insects, bacteria, fungi and viruses (Rattan, 2010; Mithöfer and Boland, 2012; Aslam et al., 2016) . Plants are known to produce a range of secondary metabolites such as terpenoids, alkaloids, polyacetylenes, flavanoids and unusual amino acids and sugars (Chen et al., 2011; Savithramma et al., 2011; Hussain et al., 2012) , for their defense from attack by pests. Plants constitute major part of the traditional veterinary practices termed as "ethnoveterinary medicine (EVM)" (Upadhyay et al., 2011; Asadbeigi et al., 2014) . These plants may also posses' biological activity against significant parasites of veterinary standpoint, which could effectively be used to control ecto-and endo-parasites postscientific validation. The efficacy of plant extracts/products against endo-and ecto-parasites of animals have been reported with variable success (e.g., Chen et al., 2011; Maphosa and Masika, 2012; Martinez-Ortiz-de-Montellano et al., 2013; Mbaya and Ogwiji, 2014; Silva et al., 2014; Abbas et al., 2014 Abbas et al., , 2015 Abbas et al., , 2017 Kumarasinghe et al., 2016) . Most frequently used plants are sown either by the farmers or found self-grown, in the fields. These can also be obtained from the herbal/grocery stores easily. Farmers can use the wild herbs by uprooting from fields. In Pakistan, farmers believe that control of a parasite of a particular region is provided by nature in the form the indigenous plants of the area (Personal Communication). In tropical countries, common-and-economic availability of plants render them to be most viable options as alternates of synthetic antiparasitics drugs (Chander et al., 2013; Neergheen-Bhujun, 2013; Tamboli et al., 2015) . Literature on the use of plants as acaricides and anthelmintics has been selectively reviewed as under:
Plants Used as Acaricides
For the last ten years (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) , 58% increase in citation of plants against ticks per year has been noticed (Bhardwaj et al., 2012; Benelli et al., 2016) . However, in Pakistan, only a handful number of plants have been used against R. microplus (Zaman et al., 2012a; Sindhu et al., 2012; Nawaz et al., 2015) in contrast to more extensive investigations elsewhere (Chen et al., 2011; dos Santos et al., 2013; Nyahangare et al., 2015; Fouche et al., 2016a,b (Chagas et al., 2016; Vudriko et al., 2016) . Briefly, larvae were inserted into drug impregnated filter paper for 24 hrs at certain temperature (27-29°C) and relative humidity (80-85%). Mortality and/or inhibition of larval motility are the criteria to measure the efficacy of the drugs. Trichloroethylene is used as solvent in LPT. Plant extracts are insoluble in this solvent thus only a limited number of scientists used this test for evaluation of efficacy. However, some workers modified LPT and have used acetone, ethanol and methanol in place of trichloroethylene (de Monteiro et al., 2012; Singh et al., 2015) . Only condition of the solvent is that it should not cause mortality of tick's larvae more than 5% in control group. Adult immersion test: This test takes around four weeks and is recommended by FAO (FAO, 2004) . Test needs to be conducted on only healthy ticks, and weight of the group of ticks and egg mass should be proportionate etc.); thus, only a few workers used this test Ghosh et al., 2015b) . In this test, ticks are exposed to test product/drug for 30 sec and efficiency is measured by effect on egg laying capacity of the female ticks. Syringe test: This is the most recently introduced test and basically is a modification of LIT. Main difference is use of 14 days old larvae, which are to be exposed to candidate drugs for 30 sec. Special syringes, with cutting nozzle end and withdrawn plunger (2 mL), are prepared. After placing eggs in the cutting end of the syringe, it closes tightly with organza fabric until eggs hatch out in around 14 days. The larvae are immersed for 30 sec and the syringe is placed in fume hood for drying (1 h). The main criterion of efficacy evaluation is larval mortality and inhibition of their motility/walk (Sindhu et al., 2012) .
In vivo ear bag method:
A muslin cloth bag is fabricated (13 × 17 cm) to facilitate attachment of seed ticks (freshly hatched larvae) on the animals. After successful attachment of the seed ticks, the candidate drugs are applied topically. The evaluation criterion is number of ticks droping off the animal (Ghosh et al., 2011 (Ghosh et al., , 2013 (Ghosh et al., , 2015a Zaman et al., 2012a) .
Plants Used as Anthelmintics
Worldwide, a number of medicinal plants have been used to treat gastro-intestinal helminthiasis (Orr, 2015; Habibi et al., 2016; Nosal et al., 2016; Liaqat et al., 2016) . An account of the plants used as anthelmintics is given in Table 2 .
Tests Used for Evaluation of Anthelmintic Activity
The tests and test worms used by different workers to evaluate the efficacy of plants have been presented in Table 2 . Egg hatch test: Fresh eggs (unhatched eggs) are incubated for 72 h with various concentrations of candidate drugs. Inhibition of hatching is main criterion for efficacy of the candidate drugs. Inhibition of hatching is main criterion for efficacy of the candidate drugs (Coles et al., 2006) . Eggs for this test are either isolated from faeces of donor animals or by triturating the female H. contortus in Phosphate Buffer Saline after collection from abomasum of slaughterd animals. Eggs obtained from female H. contortus could be of diferent stages of embryonation so copro-purified eggs generate more reliable results Várady et al., 2007) . Tap water has been used for preparation of serial dilutions of the candidate drugs by many researchers, which have been found inappropriate because ions naturally present in the water effect on egg hatching. 
Adult motility assay:
The basic theology of this test is similar as described in larval migration inhibition test. Adult worms collected from freshly slaughtered animals are subjected to various drug concentrations for 6 h. Observance of motility for 30 min in PBS post-treatment is main criteria. Breifly, adult worms collected from freshly slaughtered animals are subjected to various drug concentrations for 6 h. Dead and alive worms are counted in each test concentration at hourly basis. To confirm death of the worm non-motile worms are exposed to luke warm water for ~ 1 min. This test is used to obtain time dependent as well as dose dependent data on mortality of worms (Ferreira et al., 2016; Raza et al., 2016; Uppala et al., 2016) . In vivo: Fecal egg count reduction test and post-mortem examination are the two tests to perform in vivo anthelmintic assessment trials. Former test is adopted most due to ease of conduction and being inexpensive (Lone et al., 2012 (Lone et al., , 2013 Mondal et al., 2015; Grzybek et al., 2016) . Fecal egg count reduction test: Efficacy is measured through reduction of number of eggs in fecal samples posttreatment with candidate drug Meenakshisundaram et al., 2016) . Fecundity of H. contortus is high. So, it yields best reliable results in case of H. contortus due to strong positive correlation between magnitudes of infection with number of eggs in feces. Animals of about same age, either sex and approximately equal weight are randomly divided in treatment groups. Animals are administered with different levels of plant extracts at day 0 and faecal egg counts are performed at day 0, 7 and 14 post-treatment. Efficacy is measured through reduction of number of eggs in fecal samples post-treatment with candidate drug. Fecundity of H. contortus is high. So, it yields best reliable results in case of H. contortus due to strong positive correlation between magnitudes of infection with number of eggs in feces (Rowe et al., 2008) .
Conclusion
Empirical and scientific evidence suggest several plants are moderately effective against ticks and helminthes in animals. Though there are several papers published and databases developed on the use of plants in animal health, yet lot has to be done to document the rich indigenous knowledge existing in different cultures around the globe. There is strong need to document the plants with their botanical and local names, indications of the usage both in technical and local languages, and standardization of plant based products as to their formulation and dosage. There is also need to develop more sensitive, convenient and reliable screening assays for scientific validation of the plants. Tick-borne pathogens and associated co-infections in ticks collected from domestic animals in central China. Parasite Vectors, 7: 237
